We evaluated the association between the presence of pre-delivery uterine contractions and transient tachypnoea of the newborn (TTN) in women undergoing an elective caesarean section.
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 Our study was a retrospective, single-centre study.
 Our analysis did not control for maternal asthma, which is a known risk factor of transient tachypnoea of the newborn. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Clinical characteristics appear shortly after delivery and include tachypnoea, nasal flaring and grunting. [1] [2] [3] TTN is a common cause of respiratory distress in late preterm and term infants and is generally a benign disease treated with a brief course of oxygen. [4] [5] [6] However, some patients develop severe respiratory distress immediately after birth and require invasive or noninvasive respiratory support. [7] [8] Several studies have demonstrated that catecholamines play an important role in foetal alveolar fluid clearance, [9] [10] [11] a process that begins before term birth and continues through labour and after delivery. [1] The spontaneous surge in catecholamine secretion caused by uterine contractions is particularly important for foetal alveolar fluid clearance, [12] and previous studies found that elective caesarean section before the onset of labour is a significant risk factor for TTN. [3, 13, 14] The number of elective caesarean sections has increased in Japan over the last decades, and the caesarean section rate reached 11.5 % in 2013. [15] The elective caesarean section rate is expected to continue to increase due to increased maternal age, [16] multiple gestations after fertility treatment [17] and physician and maternal concern about the risks of vaginal birth. [18] Inevitably, the number of newborns with TTN will also increase. Therefore, it is important to understand the risk factors of TTN fully.
Many reports indicate that caesarean section before the onset of labour is a risk factor for TTN. [3, 13, 14] However, another study found conflicting results. [3] The problem seems to be that there is no consensus on the definition of labour onset, not only between these studies but also worldwide. [19] Further, the many definitions of labour onset are based on various features, including cervical dilatation, cervical effacement and uterine contractions. [19] Therefore, these studies are still open for further consideration. Given the ambiguity surrounding the onset of labour, we examined the relationship between TTN and the presence of uterine contractions 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   5 before caesarean section alone, rather than considering all features of the onset of labour.
Further, no study to date has used the presence of uterine contractions to identify newborns at risk of developing TTN. Therefore, we aimed to examine the association between the presence of uterine contractions before an elective caesarean section and TTN. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
METHODS

Study design
We performed a retrospective observational cohort study of women who underwent an elective caesarean section with spinal and epidural anaesthesia between January 2011 and May 2019 at the National Hospital Organization Kofu National Hospital, which is a community hospital. We excluded women with multiple pregnancies, missing data and those who underwent an elective caesarean section before a term delivery. In addition, we excluded cases in which the infant had neonatal asphyxia. The Human Subjects Review Committee of the National Hospital Organization Kofu National Hospital reviewed and approved the study protocol and waived the need for informed consent because of the retrospective study design. All procedures were performed in accordance with the 1964 Helsinki Declaration and its later amendments.
Data collection
We collected obstetric data from medical and operative records. We recorded maternal age, parity, gestational age at delivery, pregestational weight status and maternal weight gain.
Additionally, we assessed the presence of gestational diabetes mellitus, small for gestational age (SGA), infant sex and neonatal asphyxia. These potential confounding factors have been 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (IBM Corp., Armonk, NY, US). The significance level was set at p<0.05.
Patient and public involvement
Patients were not invited to comment on the study design and were not consulted to develop patient relevant outcomes or interpret the results. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The overall incidence of TTN was 46 (9.9 %). The pre-pregnancy body mass index was significantly higher in patients without uterine contractions, and no other significant difference was noted between the groups (Table 1) . 
DISCUSSION
In this study of women undergoing an elective caesarean section, a lack of pre-procedure uterine contractions was significantly associated with TTN after adjusting for potential confounding factors. To our knowledge, this investigation is the first detailed examination of the association between uterine contractions before elective caesarean section and the incidence of TTN.
Uterine contractions during labour cause an increase in stress hormones, such as cortisol and catecholamines. [9] [10] [11] During late gestation, the number of functional sodium channels in the foetal lungs increases in response to increased concentrations of stress hormones. [9] [10] [11] [12] Consequently, the mature lung epithelium switches from actively secreting chloride and liquid into the air spaces to actively reabsorbing sodium and liquid. [11] However, sodium channels remain inactive during elective caesarean sections because the stress hormone level is low.
Thus, compared to vaginal birth, elective caesarean section more frequently results in TTN. [11] A previous population-based case-controlled study reported that pre-caesarean section labour is not protective against TTN. [3] In that study, labour was defined as any indication of labour, including precipitous labour, prolonged labour, induction of labour, stimulated labour and dysfunctional labour. As in our study, researchers grouped women based on the presence or absence of uterine contractions and examined the relationship between TTN and caesarean section. However, their study had limitations that ours did not, including that it did not distinguish between elective and emergency caesarean sections. As several other investigators have concluded, there is a well-described physiological mechanism that explains why uterine contractions could reduce the incidence of TTN.[13, 14, 26] The time before the onset of labour can be further subdivided to clarify foetal alveolar fluid clearance. For example, in Japan, the diagnosis of labour onset was defined as six regular uterine contractions an hour. [23] Although the period without uterine contractions and that with five regular contractions per hour both occur before the onset of labour, it seems that the effect 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 of each period on stress hormone secretion is not the same. Our results demonstrate that the frequency of TTN is higher in patients with no uterine contractions than in patients with contractions.
Although several studies evaluated the association between TTN and events occurring before labour and elective caesarean section, [3, 13, 14] there is no consensus on the definition of the onset of labour. For example, the onset of labour was described by Previous reports indicate that a caesarean section at 37 weeks is a major TTN risk factor [28, 29] , and our findings support this conclusion. In our study, 16 of 76 (21.1%) women with no uterine contractions who underwent a caesarean section at 37 weeks delivered an infant who developed TTN (data not shown).
Our study has limitations. Firstly, this was a single-centre study, and it might be difficult to extrapolate our results to the general population. Therefore, a large-scale, multicentre, prospective cohort study is needed to confirm our results in the general population. Secondly, we did not evaluate some potential TTN risk factors, including maternal asthma [30] and low infant thyroid hormone level, [31] which may have affected the results of our study. Third, the generalisability of our findings may be limited by the homogeneity of this cohort, which contained only Japanese women. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In conclusion, we found that a lack of uterine contractions before an elective caesarean section was significantly associated with TTN. Accurate risk stratification using a CTG could assist in the management of infants who are at risk of developing TTN.
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 Our analysis did not control for maternal asthma, which is a known risk factor of transient tachypnoea of the newborn. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Clinical characteristics appear shortly after delivery and include tachypnoea, nasal flaring and grunting. [1] [2] [3] TTN is a common cause of respiratory distress in late preterm and term infants and is generally a benign disease treated with a brief course of oxygen. [4] [5] [6] However, some patients develop severe respiratory distress immediately after birth and require invasive or noninvasive respiratory support. [7] [8] Several studies have demonstrated that catecholamines play an important role in foetal alveolar fluid clearance, [9] [10] [11] a process that begins before term birth and continues through labour and after delivery. [1] The spontaneous surge in catecholamine secretion caused by uterine contractions is particularly important for foetal alveolar fluid clearance, [12] and previous studies found that elective caesarean section before the onset of labour is a significant risk factor for TTN. [3, 13, 14] The number of elective caesarean sections has increased in Japan over the last decades, and the caesarean section rate reached 11.5% in 2013. [15] The elective caesarean section rate is expected to continue to increase due to increased maternal age, [16] multiple gestations after fertility treatment [17] and maternal request. [18] Inevitably, the number of newborns with TTN will also increase. Therefore, it is important to completely understand the risk factors of TTN.
Many reports indicate that caesarean section before the onset of labour is a risk factor for TTN. [3, 13, 14] However, another study found conflicting results. [3] The problem appears to be the lack of consensus on the definition of labour onset, not only between these studies but also worldwide. [19] Furthermore, the different definitions of labour onset are based on various features, including cervical dilatation, cervical effacement and uterine contractions. [19] Therefore, these studies are still open for further consideration. Given the ambiguity surrounding the onset of labour, we examined the relationship between the presence of uterine 
METHODS
Study design
We performed a retrospective observational cohort study of women who underwent an elective caesarean section with spinal and epidural anaesthesia between January 2011 and May 2019 at the National Hospital Organization Kofu National Hospital, which is a community hospital. We excluded women with multiple pregnancies, missing data and those who underwent an elective caesarean section before a term delivery. In addition, we excluded cases in which the infant had neonatal asphyxia. The Human Subjects Review Committee of the National Hospital Organization Kofu National Hospital reviewed and approved the study protocol and waived the need for informed consent because of the retrospective study design. However, patients were provided the opportunity to refuse the usage of their data through the hospital's website. All procedures were performed in accordance with the 1964 Helsinki Declaration and its later amendments.
Data collection
We collected obstetric data from medical and operative records. We recorded maternal age, parity, gestational age at delivery, pre-pregnancy weight status and maternal weight gain.
Additionally, we assessed the presence of gestational diabetes mellitus (GDM), small for gestational age (SGA), infant sex, and neonatal asphyxia. These potential confounding factors Neonatal asphyxia was defined as an Apgar score remaining less than 7 at 5 minutes after birth or as an arterial blood pH of less than 7.00.
[24] A diagnosis of TTN, which was the outcome of interest in this study, required each of the following: respiratory rate >60 breaths per minute, constant tachypnoea for ≥12 hours, prominent central pulmonary vessels or thickened interlobar fissures on a chest X-ray and exclusion of other causes of respiratory distress, such as surfactant deficiency, pneumonia, meconium aspiration, congenital heart disease or metabolic disorder.
[25] A neonatologist diagnosed TTN based on the above diagnostic criteria in the first few hours after a baby was born. Moreover, when the neonatologist diagnosed TTN, all infants were treated in the neonatal intensive care unit.
Statistical analyses
The Mann-Whitney U test and chi-square test (or Fisher's exact test when the expected frequency was <5) were used to evaluate the effects of potential confounding factors of TTN.
The Mann-Whitney U test was used to analyse continuous variables such as maternal age, and the chi-square test (or Fisher's exact test when the expected frequency was <5) was used for categorical variables such as incidence of obstetric complications. A multiple logistic regression 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Patient and public involvement
Patients were not invited to comment on the study design and were not consulted to develop patientrelevant outcomes or interpret the results. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
RESULTS
A total of 464 women were considered eligible for inclusion in this study. The mean maternal age was 32.8±5.1 years, and the mean maternal pre-pregnancy BMI was 21.7±3.9 kg/m 2 , with 124 (26.7%) nulliparous women, 234 male infants (50.4%), 30 GDM women (6.5%), and 34 (7.3%) SGA infants. The indications for elective caesarean sections were previous caesarean section (n=308, 66.4%), breech presentation (n=79), placenta praevia or low lying placenta (n=23), prior myomectomy (n=17), maternal disorders (n=7), cephalo-pelvic disproportion (n=5) and other causes (n=25).
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DISCUSSION
Thus, compared to vaginal birth, elective caesarean section more frequently results in TTN. [11] A previous population-based case-controlled study reported that pre-caesarean section labour is not protective against TTN. [3] In that study, labour was defined as any indication of labour, including precipitous labour, prolonged labour, induction of labour, stimulated labour and dysfunctional labour. As in our study, the researchers grouped women based on the presence or absence of uterine contractions and examined the relationship between TTN and caesarean section. However, their study had limitations that ours did not, including its inability to distinguish between elective and emergency caesarean sections. As several other investigators have concluded, there is a well-described physiological mechanism that explains why uterine contractions could reduce the incidence of TTN. [13, 14, 26] The time before the onset of labour can be further subdivided to clarify foetal alveolar fluid clearance. For example, in Japan, the diagnosis of labour onset was defined as six regular uterine contractions per hour. [23] Although the period without uterine contractions and that with five regular contractions per hour both occur before the onset of labour, it seems that the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Previous reports indicate that a caesarean section at 37 weeks is a major TTN risk factor, [29, 30] and our findings support this conclusion. In our study, 16 (21.1%) of 76 women with no uterine contractions who underwent a caesarean section at 37 weeks delivered an infant who developed TTN (data not shown).
Our study has limitations. Firstly, this was a single-centre study, and it might be difficult to extrapolate our results to the general population. Therefore, a large-scale, multicentre, prospective cohort study is needed to confirm our results in the general population. Secondly, we did not evaluate some potential TTN risk factors, including maternal asthma [31] and low infant thyroid hormone level, [32] and there is the possibility that unmeasured confounders may be associated with TTN in this study. Third, the generalisability of our findings may be limited by the homogeneity of this cohort, which only included Japanese women.
In conclusion, although studies with larger sample size are required, we found that a lack of uterine contractions before an elective caesarean section was significantly associated with TTN.
Accurate risk stratification using a CTG could assist in the management of infants who are at risk of developing TTN.
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